Insulin degludec is an extra-long-acting insulin analog that allows for enhanced efficacy and flexibility in the injection time. However, it is not approved for use during pregnancy. We report the pregnancy outcome and newborn conditions in two women with type 1 diabetes who continued preconception degludec treatment during embryogenesis. No pregnancy complication or congenital neonatal malformation was observed. Both babies presented with hypoglycemia and required neonatal intensive care unit admission. Degludec treatment did not cause adverse effects in the mothers or malformations in the newborns. The observed neonatal complications were probably independent of early pregnancy degludec treatment.
INTRODUCTION
In women with diabetes, pregnancy is associated with a higher risk of developing adverse outcomes 1 . Therefore, pregnancy planning is mandatory to obtain strict glycemic control both before and during pregnancy.
The use of insulin analogs has improved the possibility of reaching good metabolic control 2 , but during pregnancy only the short-acting lispro and aspart analogs, and long-acting insulin glargine and detemir can be used in Italy 3 . Insulin degludec, an extra-long-acting analog that causes a flat, 24-h basal glucose-lowering, is not approved for pregnant women due to a lack of efficacy and safety studies, although its characteristics might be useful in people with difficult/unstable glycemic control 4 . We report two cases of unplanned pregnancy in women with Type 1 diabetes who continued pre-conception degludec treatment during early pregnancy.
CASE 1
A 34-year-old Caucasian woman with type 1 diabetes since the age of 26 years (diagnosis at the 7th month of her first pregnancy, which ended at term and was uneventful) was referred to the Endocrinology Unit, Garibaldi-Nesima Hospital, Catania, Italy, at 12 weeks of her second unplanned pregnancy.
Pre-pregnancy bodyweight was 61.4 kg (BMI 22.7 kg/m 2 ), and glycated hemoglobin (HbA1c) was 6.3% (45 mmol/mol) under treatment with insulin lispro before meals and degludec 15 IU (0.24 IU/kg/day) at bedtime. Blood pressure was 110/ 70 mmHg. Micro-and macrovascular complications were absent (Table 1) .
In the second month of pregnancy, before presentation to our clinic, HbA1c was 6.0% (42 mmol/mol). However, her glycemic values were unstable, with frequent diurnal and nocturnal hypoglycemia unawareness. Degludec was immediately replaced during our first visit with the same amount of glargine at bedtime. The total insulin dose was continuously adjusted during the pregnancy, increasing from 0.64 to 1.6 IU/kg/day (the glargine dose increased from 0.24 to 0.52 IU/kg/day). HbA1c decreased to 5.8% and 5.2% (40 and 33 mmol/mol) during the second and third trimester, respectively. Also, glycemic variability significantly decreased (Table 1) . Ultrasound monitoring of fetal growth, amniotic fluid and artery velocimetry were always regular.
The woman delivered by cesarean section (due to rupture of membranes without onset of labor) at 37 weeks-of-gestation when her bodyweight was 70.4 kg. The male baby was 3,330 g in weight (50-75th percentile) and 54.5 cm in length (>97th percentile). His Apgar score was 8 and 9 at 1 and 5 min, respectively. He was transferred to the neonatal intensive care unit due to respiratory distress syndrome, which was treated with nasal continuous positive airway pressure. Furthermore, he had mild hypoglycemia (37 mg/dL) that required glucose infusion for 6 h. No congenital malformation was present. The infant was fed mixed breast/bottle and, at 13 months-of-age, is in excellent health with normal growth (Table 1 ).
The patient gave written informed consent to anonymously describe her case.
CASE 2
A 22-year-old Caucasian pregnant woman who had type 1 diabetes since she was aged 6 years was referred to our clinic 8 weeks into her second unplanned pregnancy. Her first pregnancy, which occurred 1 year earlier, ended at 10 gestational weeks with a miscarriage. Pre-pregnancy BMI was 36.1 kg/m 2 . She was undergoing treatment with insulin lispro before meals and degludec 28 IU at bedtime (0.32 IU/kg/day). Her glycemic control was poor. HbA1c was 7.7% (61 mmol/mol) 3 months before conception, and 6.6% (49 mmol/mol) when she was assessed at our clinic. She had severe glycemic instability (123.6 -62.2 mg/dL from six samples/day on 5 non-consecutive days), with frequent hypoglycemic events, primarily due to irregular insulin administration on demand to correct hyperglycemia. The patient's bodyweight was 88 kg, and blood pressure was 120/70 mmHg. Vascular complications were absent (Table 1) . Degludec was immediately replaced with an equal dose of insulin detemir split into two equal daily doses. The first week after degludec discontinuation, her glycemic profile worsened. The total insulin dose was increased slightly from 0.75 to 0.78 IU/kg/day as the pregnancy progressed, with an important shift to long-acting insulin prevalence (detemir was increased from 0.32 to 0.53 IU/kg/day). Glycemic control slowly improved, and a more stable glycemic profile was achieved (Table 1) with a significant decrease in the hypoglycemic events. The mean HbA1c decreased to 5.7% and 5.0% (39 and 31 mmol/mol) in the second and third trimester of gestation, respectively. Ultrasound monitoring of fetal growth, amniotic fluid and artery velocimetry were always normal.
Labor was induced at 37 weeks-of-gestation due to a sudden increase of blood pressure. The male newborn's weight was appropriate for his gestational age (3,300 g, 50 cm, 75-90th percentile). His Apgar score was 9 and 10 at 1 and 5 min, respectively. He was transferred to the neonatal intensive care unit due to increased bilirubin plasma levels (17 mg/dL), and treated with phototherapy. He had moderate hypoglycemia (30 mg/dL), which remitted after 10 h of glucose infusion. No major or minor congenital malformation was present. He had mixed breast/bottle feeding. At 4 months-of-age, he is in excellent health, with normal growth (Table 1 ). The patient gave written informed consent to anonymously describe her case.
DISCUSSION
This is the first report on degludec treatment in pregnant women with diabetes. In these people, degludec is not approved because of the lack of randomized controlled clinical trials on its safety and efficacy for both the mother and the newborn. No complications or adverse events were observed for degludec treatment in the first trimester and also during the following period of pregnancy.
Animal reproduction studies have found no difference between degludec and human insulin for embryotoxicity 5 . In the two cases described here, degludec was administered in early pregnancy, when embryogenesis occurs, and no major or minor malformation was observed in the two newborns, who have had regular growth and are in excellent health at 4 and 13 months-of-age.
Both newborns, however, had relevant adverse neonatal outcomes that required their transfer to the neonatal intensive care unit. These adverse events, particularly hypoglycemia, are correlated with poor maternal blood glucose control during parturition 6, 7 . Degludec treatment had been discontinued 5 months before birth. It is likely, therefore, that inadequate metabolic control, rather than degludec treatment, might be responsible for the neonatal adverse events.
It has been reported that degludec improves glycemic control in diabetes patients 4, 8 , but no data are available for diabetes in pregnancy. Although its use could be suitable for the treatment of pregnant women affected by diabetes with difficulty maintaining glycemic targets, the use of this treatment in pregnancy needs to be confirmed by clinical trials.
The present observations appear to be promising as far as embryotoxicity and/or malformations are concerned. However, they need to be confirmed in larger controlled studies.
